Background: Although ultraviolet radiation (UVR) is established as both an inducer of herpes simplex virus reactivation and as the primary risk factor for many common skin cancers, its relationship with human herpes virus 8 (HHV8) infection or risk of Kaposi sarcoma (KS) is unknown. Methods: Hazard ratios (HRs) and 95% confidence intervals (CIs) were estimated for the association between ambient UVR, history of nonmelanoma skin cancer (NMSC; as a biomarker of personal cumulative UVR dose), and incidence of first primary KS in a nationwide US cohort of white and African American male veterans infected with HIV between 1986 and 1996 (prior to the widespread availability of treatment) using Cox regression. All statistical tests were two-sided. Results: Based on discharge records, there were 422 newly diagnosed KS cases among 17 597 HIV-infected veterans. Cohort members with prior NMSC had a statistically significantly increased risk of KS (HR ¼ 8.64, 95% CI ¼ 6.23 to 11.96) in the total population. Risk of KS was higher for quartile 4 vs 1 among the total population (HR ¼ 1.49, 95% CI ¼ 1.02 to 2.16, P trend UVR quartile [coded 1 to 4] ¼ .02) and among whites (HR ¼ 1.75, 95% CI ¼ 1.11 to 2.78, P trend ¼ .009), but not among African Americans (HR ¼ 1.23, 95% CI ¼ 0.71 to 2.15, P trend ¼ .23). Conclusions: KS risk was elevated among HIV-infected men with NMSC diagnosis and in those living in locations with high ambient UVR at time of HIV diagnosis. Our novel findings suggesting that UVR exposure may increase KS risk warrant further investigation.
Kaposi's sarcoma (KS) presents most frequently as a cutaneous malignancy in patients with severe immune deficiency, including organ transplant recipients (iatrogenic KS) and persons infected with HIV (AIDS-related KS) (1) . Following the 1994 discovery of human herpesvirus 8 (HHV8) in KS lesions (2) , a large body of evidence has confirmed HHV8 to be a necessary but insufficient cause of KS, and that immunosuppression contributes through loss of control of HHV8 infection.
In the absence of severe immunosuppression, KS has a distinctive geographic distribution, with high incidence in Equatorial Africa (endemic KS) and among older people of Mediterranean descent (classic KS). The incidence of endemic and classic KS largely mirrors patterns of HHV8 seroprevalence (1) . However, the geographic distribution of HHV8 infection is still unexplained, and environmental cofactors are suspected in KS etiology (3) . Studies have examined the roles of malaria coinfection (4), bloodsucking arthropods (5), parasitic infections (6), exposure to plants (7, 8) , volcanic soils (7, 9, 10) , and climatological factors, such as latitude, altitude, and rainfall (10) , without conclusive results. A study among elderly adults (65 years) found a higher proportion of patients with KS than without KS for the highest UV index, but did not report effect estimates and included only 14 KS cases among HIV-infected individuals (11) . Although the primary environmental risk factor for most skin cancers is exposure to solar ultraviolet radiation (UVR) (12) , the relationship between UVR exposure and risk of KS has not been comprehensively considered.
The aim of this study was to assess the relationships between ambient solar UVR exposure, nonmelanoma skin cancer (NMSC) as a biomarker of high personal UVR dose, and subsequent risk of first primary KS in patients with HIV infection. We evaluated these relationships by linking ambient UVR to the hospital discharge records of US veterans with HIV, which allowed us to study associations among a large number of individuals exposed to a broad range of ambient UVR. Veterans were followed from 1986 to 1996, prior to the widespread introduction of highly active antiretroviral therapy (HAART).
Methods

Study Population
Our primary analyses used the Patient Treatment File of the US Veterans Administration (VA) medical system. The full cohort includes the records of each inpatient hospitalization at all 142 US VA hospitals operating nationwide between July 1, 1969, and September 30, 1996 . The database contains 26 million hospital discharge records corresponding to 5 790 493 veterans with at least one hospital visit. The cohort excluded veterans under 18 years or older than 100 years (n ¼ 2969, 0.05%), of female sex (n ¼ 112 527, 1.9%), or with a race other than African American or white (n ¼ 135 651, 2.3%) (13) . To study risk factors for incident cancers, we also excluded patients who had cancer at first admission (except for NMSC), died on the day of first admission (666 650, 11.5%), or developed cancer or died within the first year of first admission (371 129, 6.4%), leaving 4 501 578 veterans. Our study sample included 17 597 patients with an HIV diagnosis (International Classification of Diseases, 9th Revision, Clinical Modification [ICD9CM] codes 042-044 and V08) and at least three months of follow-up.
Follow-up and Outcome of KS
To capture incident cases of KS, follow-up began three months after the first hospitalization with HIV (based on first discharge record with an HIV diagnosis code) and ended at diagnosis of KS (ICD9CM code 176), another primary malignancy, death, or administrative censoring (July 1, 1996), whichever came first. The administrative censoring date of July 1, 1996, was chosen to limit the potential impact of treatment with HAART, which dramatically decreases KS risk (14, 15) . Dates of death were ascertained through record linkage to Social Security Administration mortality files. The National Institutes of Health Office of Human Subjects Research granted exemption from institutional review board review and waived informed consent because the study was restricted to existing data with all personal identifiers removed.
Variable Definitions
Demographic information included year of birth, residential zip code, and white or African American race. Whites were not specified as Hispanic/non-Hispanic, but during the follow-up period the proportion of Hispanic white active military was small (<4%) (16) . For each hospitalization, the database contained up to 15 discharge diagnoses, which were used to ascertain conditions of interest. Diagnosis of NMSC and other conditions that preceded diagnosis of KS were coded to be time dependent in regression analyses. We considered the following variables as potential confounders because they could be associated with UVR exposure and KS incidence but are not believed to be on the causal pathway: age, birth year, year of HIV diagnosis (to reduce the possible impact of HIV testing and treatment), race, obesity/diabetes, smoking, alcohol use, hepatitis B/C infection, herpes simplex virus (HSV) infection, HIV-related hospital volume (hospitals coded 1 ¼ low to 3 ¼ high volume of admissions with HIV), and a random effect for hospital to account for potential dependence between individuals receiving care from the same hospital. To control for possible effects of surveillance bias through healthcare utilization and immune status/HIV progression, we also considered time-dependent variables for number of hospitalizations in the past year, days of hospitalization in the past year, and time since first HIV diagnosis in the database.
Average annual ambient UVR exposure was derived by linking the zip code of residence of VA patients to the Total Ozone Mapping Spectrometer database maintained by the National Aeronautics and Space Administration (17) . If residential zip code was missing (10% of hospital visits), ambient UVR was assigned using the location of one of the 142 nationwide VA hospitals. Cloud-adjusted daily ambient ultraviolet irradiance 305 nm, which is part of the UVB spectrum, is provided 
Statistical Analysis
To evaluate the relationships between ambient UVR, diagnosis of NMSC, and KS, hazard ratios (HRs) and 95% confidence intervals (95% CIs) were computed using Cox proportional hazard regression models with age as the time scale, stratified on birth cohort (1905-1945, 1946-1949, 1950-1954, 1955-1973) and year of HIV diagnosis (1986-1989, 1990-1991,1992-1993,1994-1996) and adjusted for race, HSV infection, hepatitis B/C infection, alcohol use-related diagnoses, number of hospitalizations in past year (0, 1-2, 3þ), time since HIV diagnosis, and a random effect for hospital. We did not adjust final models for factors that did not substantially change parameter estimates. P trend values were calculated using ordinal UVR coded 1 for lowest through 4 for highest UVR quartile. We tested for multiplicative interactions of race with continuous ambient UVR quartile (coded 1 through 4) and history of NMSC.
We conducted several additional analyses. To verify the validity of residential zip code at baseline for linkage of our ambient UVR exposure measure, we examined the associations of ambient UVR and NMSC in this cohort of HIV-infected men and with melanoma in the larger VA cohort. Further detail is provided in the Supplementary Methods (available online). To determine the potential influence of surveillance bias (ie, detection of KS among persons under close surveillance for NMSC) or misclassification of KS for NMSC, we introduced a sixmonth lag period into the assessment of NMSC as a risk factor. We also used calendar time as the time scale (adjusting for age at first HIV diagnosis) to identify interactions by age or calendar time. Hazard models satisfied the proportionality assumption by testing a time interaction term. P values were based on twosided Wald chi-square tests and considered statistically significant at an a value of .05. Analyses were conducted using SAS 9.3 software (SAS Institute, Cary, NC).
Results
The study population included 17 597 male HIV-infected US veterans who were cancer free three months after their first HIV hospitalization (Table 1 ). There were 422 incident KS cases occurring over 47 332 person-years of follow-up, with a median follow-up time of 1.9 years. Patients with KS were about two years younger at study entry than those without KS, and although the cohort was divided almost equally between whites and African Americans, 68.2% of patients with KS were white.
KS risk was statistically significantly higher for ambient UVR Q4 vs Q1 in the total population (HR ¼ 1.49, 95% CI ¼ 1.02 to 2.16, P trend ¼ .02) and among whites (HR ¼ 1.75, 95% CI ¼ 1.11 to 2.78, P trend ¼ .009), but not among African Americans (HR ¼ 1.23, 95% CI ¼ 0.71 to 2.15, P trend ¼ .23) ( Table 2 ). However, a test for interaction by race did not reveal a statistically significant difference in the doseresponse trends between whites and African Americans (P race interaction ¼ .27). In Supplementary Figure 1 (available online), we also fit a cubic function to the continuous ambient UVR measure.
Diagnosis of NMSC was also associated with statistically significant increased risk of KS in the total population (HR ¼ 8.64, 95% CI ¼ 6.23 to 11.96), after adjustment for race, other infections, number of hospitalizations in the past year, and time since HIV diagnosis and including a random effect for hospital in the model ( 
Discussion
We examined Kaposi sarcoma risk in relation to ambient UVR and NMSC (as a biomarker of personal UVR exposure) in a large nationwide US cohort of HIV-infected male veterans. Ambient UVR and diagnosis of NMSC were associated with statistically significantly increased risk of KS.
KS lesions do not exhibit a clear predisposition to occur on sun-exposed body sites (19) . In addition, KS is believed to originate in the endothelial cells of blood vessels (1), which are not directly exposed to UVR, suggesting a limited role for direct UVR-induced DNA damage in KS pathogenesis. However, UVR also triggers the release of immune mediators into circulation, some of which can inhibit specific immune responses in unexposed body sites (20) (21) (22) (23) . A UVR-induced shift from a Th1 toward a Th2 immune response, together with reduced function of antigen-presenting dendritic cells, provides a partial explanation for the well-recognized association between UVR and HSV (1905-1945, 1946-1949, 1950-1954, 1955-1973) and year of HIV diagnosis (1986-1989, 1990-1991,1992-1993,1994-1996) , and are adjusted for race, alcohol use-related diagnoses, hepatitis B/C infection, herpes simplex virus, time-dependent number of hospitalizations (0, 1-2, 3þ) in past year, time-dependent time since HIV diagnosis, and a random effect for hospital. ‡P trend values were calculated using ordinal UVR (coded 1 through 4). All statistical tests were two-sided. §Race interaction for ordinal UVR (coded 1 through 4); P ¼ .27. kRace interaction for NMSC; P ¼ .008.
reactivation (20) . To our knowledge, no study has been undertaken to investigate whether UVR can reactivate latent HHV8 infection.
Our findings are consistent with epidemiological research implicating the role of an unevenly distributed but ubiquitous environmental risk factor like sunlight. Individual UVR exposure depends on ambient UVR and unshielded time spent outdoors. Ambient solar UVR increases with proximity to the Equator, elevation above sea level, and clear atmospheric conditions. In Africa, endemic KS has been observed in locations of high altitude and close to the Equator (9,10). In Europe, elderly men living along the Mediterranean are affected by the classic variant of KS, while relatively few cases arise in the United Kingdom or northern Europe (1, 24, 25) . In Japan, classic KS is more common in the subtropical island of Okinawa than mainland Japan (26) . Unshielded time outdoors may partly explain the apparent associations of HHV8 or KS with exposure to parasitic infections, farming, traveling, and time spent working with plants and soils (6, 7, 9, 27) .
We found that ambient UVR was associated with a statistically significantly elevated KS risk in whites, but not in African Americans ( Table 2) . As the photoprotection offered by epidermal melanin pigmentation in dark-skinned individuals is at least 10-fold greater than in that in white skin (28) , ambient UVR levels in the United States may be insufficient to produce an association in African Americans. Another explanation is that HHV8 prevalence is higher in whites with HIV because they are about twice as likely to be men who have sex with men (MSM) than African Americans (29) and saliva exchange, the primary source of HHV8 transmission, may be more associated with behaviors of MSM (30) .
A limitation of this study is lack of information on personal sun exposure behaviors (eg, time spent outdoors and number of episodes of sunburn). Multiple studies have shown that ambient UVR at least partially captures lifetime UVR exposure in that it is a statistically significant predictor of skin cancers known to be related to long-term UVR exposure (31) (32) (33) (34) . However, among veterans who served in various locations throughout their lifetimes, use of an ambient UVR measure at one point in time may lead to misclassification of UVR exposure. Compared with general US populations, we found somewhat lower relative risks for NMSC among HIV-infected men for the highest vs lowest ambient UVR categories. Modest findings for NMSC could be explained by the potentially large amount of missed NMSC cases as NMSC is typically diagnosed and treated in an outpatient setting and rarely leads to death, thus a bias toward the null. Compared to general US populations, we found somewhat lower relative risks for NMSC among HIV-infected men for the highest versus lowest ambient UVR categories (32, 33, 35) . The magnitude of risks for melanoma in the entire cohort were within the ranges reported for other US populations (32, 33, 34, 36) and confirm the usefulness of residence-based ambient UVR measure in this population.
Our ambient UVR measure may be subject to potential confounding by factors that vary geographically (eg, sexual and drug use behaviors, socioeconomic status, cancer detection). For example, among men with HIV, HHV8 prevalence may vary throughout the United States because of differences in the prevalence of MSM (the largest exposure category for HHV8 infection), rather than differences in ambient UVR. The prevalence of HHV8 infection is unknown in this VA population but estimated to range from approximately 40% to 90% in HIV-infected US men (37, 38) . Thus, a limitation of our study is that our population includes men not infected with HHV8 who are not at risk of KS.
Having a diagnosis of NMSC was strongly related to KS risk in whites and African Americans. To our knowledge, no other epidemiological study has reported this association; however, some case reports describe the occurrence of non-KS skin cancers in patients with KS diagnosis (39) (40) (41) . A higher than expected rate of NMSC has also been found for persons in the United States with classic KS (19) . NMSC is a heterogeneous grouping that includes basal and squamous cell carcinomas, both having well-established relationships with history of personal UVR exposure (32) , and it has been estimated that 90% of NMSCs in the general population are caused by UVR (42) . However, our findings may also be explained by HIV-related immunosuppression (rather than UVR) causing both NMSC and KS in the same people. To reduce confounding by HIV-related immunosuppression, NMSC models in the veterans' cohort were adjusted for number of hospitalizations in the past year and time since HIV diagnosis (as a surrogate for HIV progression).
Our study has several additional limitations. NMSC was likely under-reported in this hospital-based cohort. However, we have no reason to believe this was differential by KS diagnosis, and a sensitivity analysis incorporating a six-month lag period suggested no systematic bias. In addition, ascertainment of potential confounders relied on the diagnoses of medical conditions as proxy variables (eg, HSV and hepatitis as surrogates for behaviors that might influence HHV8 status). Other clinical data, laboratory data, and medical records were not available to verify diagnoses or account for treatment.
Important strengths of the veterans' cohort are that followup occurred prior to the introduction of effective HIV treatment, which might have otherwise attenuated an association with markers of UVR exposure, and that all patients had access to free standardized medical care. However, persons who use the VA health care system may also use other health care systems. For example, as the VA system does not have many emergency rooms, VA patients who require acute care might not report to a VA hospital. However, it is likely that persons with chronic conditions such as HIV infection would continue their care at the VA as it would be without cost. Rates of KS in this cohort (892 per 100 000 person-years) are within the range reported by other studies for the pre-HAART era (14, 15) , suggesting that misclassification of other skin cancers as KS, or underascertainment of KS diagnoses outside of the VA system, was not extensive.
In summary, this is the first study to evaluate the role of ambient solar UVR exposure and NMSC in relation to KS. Our study population included a large number of white and African American HIV-infected men with information on ambient UVR based on residential history in a geographically dispersed cohort representing a broad range of ambient UVR. Both ambient UVR and NMSC were associated with statistically significantly increased risk of KS. These findings should be replicated in populations with known HHV8 status and individual, rather than ecologically based, UVR exposure assessment. Future examinations of UVR exposure in relation to KS should also include HIVuninfected individuals. To confirm and clarify potential mechanisms, effects of UVR on HHV8 reactivation should be studied in experimental settings. If further research supports a causal relationship, understanding the timing of UVR exposure in relation to KS could inform prevention strategies.
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